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Abstract

A nuclear microprobe system with adjustable precision object slits and a magnetic quadrupole doublet was designed
by the beam optics simulation using a first order matrix formalism, and installed in a 30° beam line connected with
KIGAM 1.7 MV Tandem VDG Accelerator. Demagnification factors for x and y axis are calculated to be 25 and 4.9,
respectively, and a minimum beam spot size is expected to be about 5 pm for 3 MeV proton beams with a current of
about 1 nA. A multi-purpose octagonal target chamber has been built to facilitate MeV ion-beamn analytical techniques
of PIXE, RBS, ERDA, and ion beam micro-machining. It contains X-ray and particle detectors, a zoom microscope, a
Faraday cup, a 4-axis sample manipulator and a high vacuum pumping system. The system performance of the nuclear
microprobe is now being tested, and automatic manipulator control and data acquisition system will be installed for
routine applications of micro ion-beam analytical techniques.
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Table 1t High-energy nuclear microprobe techniques.

Particle Induced X-ray Emission(PIXE)
Rutherford Backscattering Spectrometry(RBS)
Scanning Transmission lon Microscopy(STIM)
Ion Beam Induced Charge(IBIC)

Ion Beam Induced Luminescence(IBIL)
Secondary Electron Imaging(SED)

Single ion machining

Single event upsets

Single ion irradiation

Deep ion beam lithography

Ion beam tomography

Microchanneling using RBS, PIXE or STIM
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Fig. 1 Schematic diagram of a scanning nuclear
microprobe(or nuclear microscope).
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Tabie 2 Design parameters of KIGAM microprobe

beamline.
Beam source system
aceelerator pelletron
Ion source RF source

SNICS sputter source
Momentum analyzer bending magnet(30°)
Beam characteristics
(at the objective slit)

Ton H', He', He™

Acceleration voltage 1.7 MV(max.)
Energy spread 002 %
Typical current:
for 3 MeV H’ 5 pA
for 3 MeV He’ 2 HA
Microbeam system characteristics
Objective distance 2770 mm
Image distance 275 mm
Demagnification factors
X-axis 25
Y-axis 49
Quadrupole Doublet Lens
Pole length 50 mm
Gap between Q-poles 40 mm
Bore diameter 13 mm

Coil twm 155 turns per pole
Excitation instability 0.01 %(long-term)
Spatial resolution 5 um(estimated)

Beam current at max. resolution |1 nA(estimated)
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Fig. 2 The calculated beam trajectories in the horizontal and vertical plane, and the schematic geometries of
the KIGAM micro-beam & PIXE(PIGE) complex beamiine.
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Table 3 Design and measured specification of KIGAM MQD.

expected value

measured data

Specification
lens bore radius, Ro R,=6.5 mm
pole length L=50 mm
drift space between doublet 40 mm
max. gradient 100 T/m
max. pole field 065 T
long-term stability (at 10 A) 1x10*

multi-pole elements

57.8 mm (effective)

102 Tjm (at 15 A)
~ 068 T (at 15 A)
2x10*

dipole 0.66 %
sextupole 0.4 %
others < 0.1 %
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Fig. 4 Photograph of the KIGAM scanning nuclear
microprobe.
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Fig. 5. Inside view of the micro-beam chamber.
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